simple case of a flat-bottom hole interrogated by a conventional disk transducer working in the thickness-mode. In this case, analytic evaluation of the general formulation is derived.
TRANSIENT RADIATION IN SOLIDS [3, 4] The recently developed approximate model predicts the transient displacement field radiated by an arbitrary source of traction T(rR,t) directly applied on the plane free surface of an elastic half-space, rR being a running point of the radiating surface R. It was derived under the approximation that wavefield coupling at the plane interface of the elastic half-space makes a negligible contribution at field-points not too close to the interface. If space and time variables are separable in the source term (piston source), i.e., if T(rR,t) can be expressed as T(rR,t) = r(rR) T(t), the i-th component of the displacement at a point r at time t can be approximated by a sum of convolution integrals of displacement impulse-responses with T(t). u i (r, t) = T(t) * hi(r, t) = T(t) * [hiLer, t) + ht(r, t) + ht -> L (r,t)], (1) with, (2) Throughout, the summation convention for repeated subscripts is followed. For sources of simple symmetry, analytic expressions can be derived using the same approach as that developed by Stepanishen [6] for calculating the Rayleigh integral. For a uniform disk thickness-mode transducer, analytic expressions of impulse-responses are given in [4] -see also [7] in this volume. For a uniform Y-cut crystal, the analytic solution is given in [4] .
TRANSIENT SCATTERING BY A DEFECT MODELED AS A FREE SURFACE
We want now to study the scattering by a defect inside the solid half-space. For this, we follow step by step the derivation proposed for the same problem in the case of acoustic waves [1] . However, we limit the present study to the cases of defects that can be modeled as free surfaces (an opened crack, a void) at the surface of which traction vanishes, and to transducers working in the transmit-receive mode of active surface R directly coupled to the plane interface II of the half-space V. We assume that the boundary av of V can be decomposed into different parts (as shown in Fig. 1 
being the area of the defect seen from the transducer assumed to be a free surface, D' the shaded area of the defect, I and 'Pbeing arbitrary surfaces closing the volume V. I, is projected to infinity where elastodynamic Sommerfeld's condition is chosen [8] . D' and 'P are assumed to be perfectly absorbent boundaries. Furthermore, we assume that the reception of the echoes from the defect does not start before the whole radiation process as seen from the 
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a~d where a(r) = 1, 112 for a field-point r inside Vor on a smooth part of av, respectively.
(t)
denotes the time-derivative of a 8-function. u i1lC (r,t) is the incident displacement at r.
The displacement field on D is composed of the incident field radiated by the transducer and a term given by an implicit integral. The latter term expresses the wave-field coupling on D (which results of secondary diffraction phenomena as well as mode-conversion of bulk waves into surface waves propagating along D). Our approximation consists in neglecting these second-order phenomena so that the displacement field on D is simply given by
ui(rD,t) = I/a(rD)u:nc(rD,t). (7)
If the defect is locally smooth at rD, the displacement on D is twice the incident displacement. Our last assumption is to neglect again the wavefield coupling at the plane interface IT of the half-space to model the reception of the transducer. The transducer is sensitive to the instantaneous total velocity (for example, a thickness-mode transducer is sensitive to the normal component of the velocity integrated over the whole active surface, a Y-cut crystal is sensitive to one component of the velocity parallel to its active surface), and is not sensitive to its own incident field. Introducing Eq. (7) into Eq. (5), the last approximation leads to the following expression for the n-th component of the total velocity received by the transducer,
The integral fonnulation is mathematically explicit. It is worth noticing that mode-conversions of compression waves into shear waves (and vice-versa) occurring at the defect surface are taken into account in this fonnulation. They are expressed by the various sums over the subscripts i,j, k and I. The time integration being a simple convolution and after inversion in the order of integrals, Eq. (8) becomes
Introducing Eq. (1) in this expression, we can define an impulse-response HnTSR(t) for the whole problem of transmission, scattering by a defect and reception so that
with
We want now to calculate this expression. The integration over R that signifies the reception can be calculated analytically in certain circumstances, namely, for the same transducers for which an analytic expression has been derived for the transient radiation [3, 4] .
TRANSIENT RECEPTION BY A TRANSDUCER COUPLED TO A SOLID
The problem is now to calculate integrals of the fonn
Gkn,l being given by Eq. (6). The subscript n depends on the kind of transducer used. For a transducer working in the thickness-mode (compressional wave transducer), we have n = z. For a shear wave transducer polarized in the direction x, we have n = x. Subsequently, we limit the study to the former case assuming a disc-shaped source of radius a. We also limit the study to the case of a nonnally aligned flat-bottom hole. Therefore, some of the nine integrals defined by Eq. (12) (n being fixed) vanish because the fourth-order tensor cijkl takes non-zero values only for certain combinations of i,j, k, I, due to the symmetries of the isotropic propagation medium expressed by,
and since j =z and i = r or z. Note that these limitations are not necessary conditions. Whatever the transducer used and the shape, orientation and size of the scatterer, the calculation of the general integral fonnulation given by Eq. (11) requires the calculation of integrals of the type of Eq. (12). As for the calculation of the radiation integrals [Eqs. (2-4) ], we derive the solution for the transient reception of elastic waves using the same approach as that developed by Stepanishen [6] for calculating the radiation by a transducer in a fluid medium. If one observes the waves arising from a point rD (p.z) of the defect, at an instant t', the parts of the transducer surface receiving the z-component of the elastic particle velocity is the intersection of the spherical surface of radius ct' centered at the point rD , with the transducer surface R. For the second and fourth terms of Eq. (6), c = cL-For the third and fifth terms, c = CT' For the first term, c varies from cT to cL-The transducer being axisymmetric, we can derive the solution in the cylindrical co-ordinate system and consider only the radial and axial co-ordinates. Since j = z, integrals to be calculated are Grz,z' Gzz,r' Grz,r and Gzz,l" Consider now the following change of variable (at a given time t') where qJ is the angle describing half of the arc L(rD, t') (taking account of the symmetry of the source) [see Fig.2 ].
Under this change of variables, the integration over qJ is limited to [0, qJlim] and Eq. (12) is proportional to terms of the form
Jf

(t-t')
JtmaxJqJlim
The simple geometry of the transducer allows qJlim to be calculated analytically. We make explicit use of the solution derived by Stepanishen and the value of ipzim is tabulated in Table I 
Due to the presence of a 8-function, the time integration (a time-convolution) is trivial. 
(t-t') e f(t) H kn,I(P'Z, t) oc f(t')g( cp)
7r dcp dt' = -;- In the same way, the terms proportional to U r are Hzz,r and Hrz,z which are multiplied by a factor ,u. We can group them as follows. 
Now, the impulse-response for the complete problem of the radiation, the scattering and the reception of short pulses of ultrasound is given by a simple surface integral over the insonified part of the scatterer where hz, h" A z , Mz and M, are analytically known. We have,
The computation of Eq. (24) is straightforward because of the compactness of the formulation and the introduction of analytic results for both the radiation and reception processes. Clearly, the expressions of the reception of echoes arising from a free surface given by Eqs. (21-23) are a little more complex than those for the transient radiation given in [7] . A full derivation of a solution for more general configurations would require similar evaluations of the 3 3 = 27 integrals given by Eq. (12) -four of them being given herein-but there is no formal difficulty for doing it. It is worth noticing that terms proportional to a time-derivative in Eqs. (21-23) are oflarger amplitude than the others.
EXAMPLE: lHE FLAT-BOTIOMED HOLE (FBH)
To illustrate the capabilities of our new formulation, we show in Fig. 3 some comparisons of predicted and measured echo-responses from flat-bottomed holes interrogated by a disc thickness-mode transducer of 19-mm-0 working both as a radiator and a receiver. Experiments are those shown in [5] . They arise from small FBH of 2 mm diameter at a range of 10, 15 and 25 mm. In [5] , the FBH was modeled as a point defect. Here we integrate Eq.
(24) over the actual finite size of the defect with a time-step of 6.66 ns (corresponding in the frequency domain to a sampling frequency of 150 MHz). Despite the simplifications made in [5] , the discussion of the origin of the echoes measured from a FBH is very interesting. To summarize, the key point of the discussion is the demonstration of the paramount importance of transducer diffraction effects (in radiation and reception), leading to a complex echo-structure greatly varying with the range of the defect, even if the defect is a simple small FBH. The results shown in Fig. 3 were obtained by convolving the computed impulse-responses [Eq. (24)] with a signal "measured" from the published results in [5] (Fig. 12 in this reference) . The accuracy of the model is well demonstrated in the simple cases considered. 
SUMMARY AND FUTURE WORK
We have derived an approximate solution to the problem of radiation, scattering by a de· fect and reception of pulses of ultrasound in an elastic half-space. This solution allows the full three dimension and time dependent solution to be limited to a surface integral over the insonified area of the defect (modeled as a free surface) of intermediate analytic expressions for the transient radiation and reception by a realistic transducer. The first results have been obtained in the special case of a flat bottom-hole interrogated by a contact transducer working in the thickness-mode. They show clearly the paramount importance of transducer diffraction effects. Since the complete set of formulas for the transient reception has only been given in the case of a compression wave transducer, the paper is entitled "a first approach". However, the general integral formulation can be readily used to derive similar solutions in other cases. It can be also interesting to develop a similar model in the case of defects like hard inclusions modeled as rigid boundaries. This makes necessary to compute the traction radiated by the transducer at the defect surface. In reception, only the second-order Green's tensor will intervene, leading to simpler calculations for the transient reception than these shown in the present paper.
To fully demonstrate the accuracy of this model, it will be necessary to compare experiments and predictions for various defect and transducer geometries. Weare attempting to conduct such experiments. The first comparisons shown in the present paper are encouraging. Moreover, the model for elastic waves is closely related to the previous model for acoustic waves [1] (fully validated by experiments [2] ).
